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Abstract 
In this study, a statistical evaluation was made of the susceptibility to pitting corrosion, using the pitting factor criteria. 
Specimens were cut in size of 15 cm x10 cm of AA3003 aluminium sheet of temper H14, H16 and H18 of national production. 
Afterwards, they were exposed to a salt spray during 72, 144, 216, 288 and 360 hours continually, according to ASTM B117 
standard. After salt spray test was observed pitting attack in all specimens regardless of the exposure time and the degree of 
deformation (temper) of material. The surfaces of the corroded specimens were analyzed by optical interferometry. The 
parameters evaluated in each field were: roughness (Rms), peak-valley distance (PV) and the lowest point of all peaks (V). A 
pitting factor of the order of 4 was calculated, indicating a highly localized corrosion process for this commercial aluminium 
alloy 3003 in saline environment. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the scientific committee of SAM - CONAMET 2013. 
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1. Introduction 
The AA 3003 aluminium alloy is one of the most popular in the Aluminium-Manganese serie. The Mn tends to 
harden the aluminum matrix, increasing the tensile strength, the creep strength and the elongation of these alloys. 
Their applications include cooking ware, radiators, heat exchangers, pressure recipients, piping systems and 
architectural applications which are exposed to the environment, Vargel (1981). This alloy is obtained in form of 
sheets through hot and cold rolling. This deformation process induces fracture of the intermetallic particles that are 
formed from the eutectic reaction or pseudo peritectic reaction, depending on the chemical composition of the alloy 
and the solidification conditions. Due to this fact, the deformed surface is composed by a very high density of 
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elongated intermetallic particles (hundreds or thousands of nanometers in size), place along the direction of the 
applied deformation, David (1999). This microstructure presents different electrochemical and mechanical properties 
in comparison with the alloy obtained from the continuous casting process, altering its corrosion susceptibility. In 
chlorine-ions rich environments, this deformed microstructure favors the galvanic interaction between matrix and 
intermetallic particles inducing pitting corrosion, one of the most destructive forms of corrosion that exists and that 
produces holes on the surface that can compromise the performance of the assembly or the aesthetic aspect in the 
architectural applications, Frankel (1998) and Szklarska-Smialowska (1999). Due to the huge variety of 
technological applications of these alloys, several research studies related to their pitting corrosion resistance have 
been performed, Davoodi et al (2007) and Paredes et al. (2008). The main purpose of this work consists in analyzing, 
using statistical methods; the data of deep of pitting, the data is obtained by optical interferometry in AA3003 
aluminium sheets, corroded in a saline environment. An arithmetic media was applied, the standard deviation that 
allows evaluating the dispersion of a big quantity of data, with respect to the average data, was applied to quantify 
the amplitude of the fluctuations. Afterwards, the susceptibility to pitting corrosion was evaluate using the pitting 
factor, which is express by the relationship between the maximum deep of the pitting holes and their average, see 
equation 1. A factor FP bigger than 1, represents severe localized attack, according to ASTM G-46 standard. 
 
                                                    (1)   
 
2. Experimental procedure 
In order to accelerate the corrosion process, the AA3003 samples were place in a salt spray chamber. Specimen 
were cut in size of 15 cm x10 cm of AA3003 aluminium sheet of temper H14, H16 and H18, produced by the 
Venezuelan company Aluminios del Caroní S.A. (ALCASA). The chemical composition of this alloy is presented in 
Table 1. The temper H14 means a 33% of area reduction, equivalent to a 4 mm thickness sheet. The temper H16 
means a 50% of area reduction, equivalent to a 3 mm thickness sheet. The temper H18 means a 75% of area 
reduction, equivalent to a 1.5 mm thickness sheet.    
 
Table 1. Chemical composition of AA3003 aluminium alloy [wt %] 
Si Fe Cu Mn Mg Cr Ni Zn Ti B Pb Al 
0,20 0,65 0,128 1,042 0,003 0,0007 0,0028 0,0075 0,013 0,0022 0,0033 Balance 
 
The surface exposed to the salt spray, was submitted to a grinding process with SiC paper of 320, 400, and 600 
grits, washed and degreased with alcohol, in order to maintain the same surface condition in all samples. A salt 
spray chamber, brand Erichsen, model E-606 was used, with a concentrate saline solution at 3.5%, a humidifying 
temperature of 70 °C and a exposure temperature of 35 °C. The spraying pressure of 1.2 bar, according to ASTM G1 
and ASTM B117 standards and the equipment manual. The position of the samples in the salt spray chamber can be 
observed in Figure 1, the tests were run during 15 days (360 hours) with withdraw of 5 samples at 72, 144, 216, 288 
and 360 hours respectively. Afterwards, the samples were immersed in a concentrate HNO3 solution, during 5 
minutes, and then it washed with enough water and dried at air pressure. 
 
 
 
 
 
 
 
 
 
Pp
PpMax FP  
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Fig. 1. (a) Erichsen corrosion test chamber model 606; (b) samples of AA3003aluminium alloy placed within the dome shaped chamber. 
The analyses made to the different corroded surfaces, with different time of exposure, were realized with an 
optical interferometer ZYGO, new view 200. In each sample, 12 different fields were analyzed. Through direct 
measurement, the following parameters were obtained: Rms, PV and V in order to evaluate the pitting attack 
according to ASTM G18-88 and G 46-76 standards. Rms is the roughness; PV is the distance peak-valley, defined 
as the maximal distance between the highest point (peak) and the lowest point (valley) of the peak-valley analyzed 
in the field of observation, Ruff (1992), Paredes and Hidalgo-Prada (2005). The statistical analysis was made with 
basics calculations: Arithmetic media, variance and standard deviation, see equations 2-4, Box et al (1978). 
¦  n 1i 1xn1X                   (2) 
¦  V n 1i 2i2 )Xx(1n1                  (3) 
2V V                    (4) 
3. Results and discussion 
3.1. Pitting evaluation 
The optical interferometry or white light microscopy allowed getting precise quantitative measurements of the 
pitting penetrations, due to the fact that it provides sufficient lateral resolution combined with a high vertical 
resolution (1 mm). This is important in order to understand the rate end the extension of the corrosion process in the 
material, Blanc et al (1998) and Habib (2000). The profiles in 2D and 3D generated by the interferometer, also 
allowed getting information about roughness, contour and morphology of the pitting, Paredes and Hidalgo-Prada 
(2005). Table 2 shows the variables considered for the analysis, and Tables 3, 4 and 5 shows a statistical resume of 
the variables analyzed in all samples. Pp: average of deep in the pitting, Maxp: Maximal deep of pitting, Minp: 
Minimal deep of pitting, FP: Pitting factor, σT =Standard deviation for the data, σmax=Standard deviation of the data 
greater than 10 μm, and σMin =Standard deviation of the data between 2 and 10 μm. Based on the observation of the 
average values presented in Tables 3, 4 and 5, it can be inferred than the number of pitting analyzed present an 
average deep of 18 μm approximately, because were found deep pitting between 2 and 90 μm. The average 
roughness values are between 0.780 μm and 2.496 μm, which are well above the range of values for aluminium 
sheet cold worked according to the DIN 4768 standard. This increasing in roughness is attributed at surface damage 
produced by the high density of pitting formed along the surface of the sample, after being exposed to the salt spray 
as shown in Figure 2, which exhibits 2D and 3D profiles of the surfaces of the AA3003-H16 aluminium alloy in 
a b 
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industrial and corroded state. 
 
Table 2. Variables considered for the analysis 
Variable Symbol Unit 
Distance peak-valley of the analyzed pitting PV Pm 
Distance from the central line valley of the analyzed pitting V Pm 
Roughness Rms Pm 
 
Table 3. Resume of the data analyzed for the AA303 H14 aluminium alloy  
 72 hours 
Data: 69 
144 hours 
Data: 68 
216 hours 
Data: 75 
288 hours 
Data: 69 
360 hours 
Data: 66 
 PV V Rms PV V Rms PV V Rms PV V Rms PV V Rms 
Pp 21,968 21,321 2,373 18,959 17,266 1,997 19,975 18,164 2,496 15,675 14,312 1,601 20,310 18,171 2,425 
Maxp 72,241 70,841 9,103 57,255 53,161 12,961 86,852 75,855 16,371 59,959 57,914 8,284 64,036 56,191 18,337 
Minp 2,145 1,720 0,133 3,665 3,205 0,141 3,637 3,020 0,133 2,821 2,270 0,157 4,845 4,098 0,168 
FP 3,288 3,323 -- 3,020 3,079 -- 4,384 4,176 -- 3,825 4,047 -- 3,153 3,092 -- 
VT 19,555 19,468 2,688 15,323 14,126 2,475 16,896 15,149 3,247 13,627 12,777 2,016 17,179 15,865 3,403 
VMax 12,739 13,148 2,063 12,466 11,574 2,394 15,931 13,965 3,430 13,111 12,592 1,976 15,468 14,484 3,778 
VMin 1,925 2,405 0,047 1,478 1,327 0,079 1,460 1,388 0,089 1,728 1,635 0,113 1,386 1,240 0,097 
 
Table 4. Resume of the data analyzed for the AA303 H16 aluminium alloy  
 72 hours 
Data: 68 
144 hours 
Data: 69 
216 hours 
Data: 60 
288 hours 
Data: 71 
360 hours 
Data: 70 
 PV V Rms PV V Rms PV V Rms PV V Rms PV V Rms 
Pp 11,175 10,103 1,006 16,740 14,799 1,287 10,589 10,330 0,780 16,160 14,560 1,512 16,130 14,312 1,785 
Maxp 43,765 41,559 6,093 56,259 52,950 6,481 38,058 40,336 3,735 66,305 60,955 11,889 83,279 78,478 12,530 
Minp 2,160 1,666 0,112 2,880 2,265 0,177 2,118 3,266 0,169 3,958 3,158 0,165 3,573 3,004 0,204 
FP 3,916 4,113 -- 3,361 3,578 -- 3,594 3,905 -- 4,103 4,186 -- 5,163 5,483 -- 
VT 9,949 9,466 1,407 12,649 11,245 1,457 8,373 8,519 1,030 14,533 13,362 2,335 15,069 14,276 2,441 
VMax 8,338 9,012 1,142 12,078 10,850 1,490 8,527 8,212 1,079 15,219 13,960 2,937 16,288 16,038 2,784 
VMin 1,627 1,664 0,348 1,630 1,513 0,074 1,477 1,493 0,078 1,421 1,269 0,119 1,354 1,240 0,125 
 
Table 5. Resume of the data analyzed for the AA303 H18 aluminium alloy 
 72 hours 
Data: 73 
144 hours 
Data: 72 
216 hours 
Data: 73 
288 hours 
Data: 72 
360 hours 
Data: 71 
 PV V Ra PV V Ra PV V Ra PV V Ra PV V Ra 
Pp 14,085 12,831 1,287 10,518 9,618 0,798 12,580 11,262 1,112 10,805 9,804 0,909 13,472 12,110 1,551 
Maxp 57,862 52,748 9,586 40,700 38,874 8,200 61,003 56,150 8,561 43,550 38,930 6,768 60,898 50,570 13,006 
Minp 1,682 1,220 0,109 3,314 2,770 0,169 2,979 2,410 0,133 3,294 2,720 0,149 2,852 0,435 0,104 
FP 4,108 4,111 -- 3,869 4,042 -- 4,849 4,986 -- 4,030 3,971 -- 4,520 4,176 -- 
VT 13,977 12,844 2,079 8,765 8,141 1,318 13,128 11,820 1,842 8,701 7,993 1,432 13,194 11,773 2,541 
VMax 13,435 12,283 2,533 9,481 8,347 1,907 16,174 14,317 2,473 9,554 8,783 1,883 12,928 10,698 3,050 
VMin 2,135 2,046 0,079 1,448 1,325 0,085 1,809 1,656 0,160 1,605 1,555 0,082 1,625 1,699 0,116 
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Fig. 2.  2D and 3D profiles obtained from optic interferometry of the surface of the AA3033 H16 aluminium alloy (a) in industrial state, (b and c) 
after 144 hours exposition to salt spray. 
a 
b 
c 
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Figures 3, 4 and 5 show the graphic representation of the maximal penetrations observed in the pitting, related to 
the time of exposure to the salt spray for the three types of temper studied. As can be seen, these values fluctuate in 
a range without a specific pattern, it means, any condition produced a systematic pattern  of variation that could 
allow getting a relationship between the maximal deep of the pitting and the time of exposure to the salt spray. As 
can be seen in the figures mentioned above, in the three types study temper no trend of increasing depth in pits with 
the time of exposure to salt spray. This behaviour may be due to the fact that five specimens were used for each 
exposure time , so that due to the highly localized nature of the process of pitting corrosion in aluminium alloy, each 
of the specimens may have different behaviour in the aggressive medium, although same experimental conditions 
were used and the same level of superficial finishing. Additionally, it is possible that the samples didn’t present the 
same quantity of superficial or microstructural heterogeneities that could act as sites for initiation or incubation of 
the pitting.  
Precedent investigations, have established that in aluminium alloys, intermetallic particles of secondary phase, 
are the more susceptible sites for the nucleation of pitting in NaCl solutions, due to the fact, that these solutions can 
act as electrical means and may attract chlorine-ions during the process of corrosion, Aballe et al. (2004), Birbilis 
and Buchheit (2005), Ambat et al. (2006), Liu and Cheng (2010) and Grilli et al. (2010), Therefore, the fluctuation 
observed in the deep of the pitting may be related to differences in the number and distribution of intermetallic 
phases present in the material surface, potential promoters of preferential sites for nucleation of pitting, Aballe et al. 
(2003). The morphology of the intermetallic particles may also explain that in certain samples the pitting are bigger 
in diameter than in deep, independently to the time of exposure. In the Figures 3, 4 and 5 may also be seen that the 
maximal penetration oh the pitting were between 10 and 90 μm, independently of time of exposure and temper 
condition. This behaviour may be explained by the dominant effect of secondary phase particles as a cause of this 
abnormal dispersion of the deep of the pitting as indicating parameter of the resistance to corrosion in the AA3003 
aluminium alloy.  
Other studies, Davoodi et al. (2008) and Paredes et al. (2008), show that the intermetallic particles present in the 
3003 aluminium alloy, are of the type α-Al(FeMn)Si y β-Al(FeMn) with different electrochemical behaviour. The 
phases α-Al(FeMn)Si act as an active cathode, where the reduction process lead to a local alkalization at the 
interface matrix-particles, while the β-Al(FeMn) can act as an effective cathode or not promote any electrochemical 
activity during the corrosion process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Behaviour of the maximum depths of pits with respect to time of exposure to salt spray for the group of samples of AA3003 H14. 
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Fig. 4. Behaviour of the maximum depths of pits with respect to time of exposure to salt spray for the group of samples of AA3003 H16. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 5. Behaviour of the maximum depths of pits with respect to time of exposure to salt spray for the group of samples of AA3003 H18 
3.2. Determination of Pitting Factor (FP) 
Comparing the calculated values for the pitting factor shown in Figure 6, it can be observed that its value is in 
the range between 3 and 5. A value >1, indicates a high level of the pitting corrosion. An average of the obtained 
values for all the temper will result in an average pitting factor of 3.941. This value would reflect a better agreement 
with the corrosion process experienced by the alloy under study, regardless of the effect that may have individual 
parameters on a particular sample, which leads to dispersion in the values associated with pit depth. Moreover, the 
PF factor can be associated to the determinant overall effect of pitting corrosion in the alloy, which, as stated, is 
related to the presence and nature of the second phase particles present in the alloy. Finally, the average factor of 
pitting, approx. 4, represents a severe attack, highly selective by dissolution of the matrix surrounding the secondary 
phase particles. 
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Fig. 6. Pitting Factor behaviour for the types of tempers H14, H16 and H18 
 
4. Conclusions 
The results corroborate the nature of the highly localized attack, which seems to be independent of the time of 
exposure and the hardness of the alloy. It seems to be dependant only on the configuration of secondary phase 
particles present in the samples. The best correlation between the deep of the pitting holes and the parameters of the 
tests was obtained through the Pitting Factor, as a measure of the alloy susceptibility to the corrosion in saline 
environment. The average value of the pitting factor determined, for all types of tempers, was of aprox. 4, which 
evidence a high localized corrosion process in the commercial 3003 aluminium alloy studied in this work. 
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